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(57) ABSTRACT

A technique of controlling a steam generating boiler system
using dynamic matrix control includes preventing saturated
steam from entering a superheater section. A dynamic matrix
control block uses a rate of change of a disturbance variable,
a current output steam temperature, and an output steam
setpoint as inputs to generate a control signal. A prevention
block modifies the control signal based on a saturated steam
temperature and an intermediate steam temperature. In some
embodiments, the control signal is modified based on a
threshold and/or an adjustable function g(x). The modified
control signal is used to control a field device that, at least in
part, affects the intermediate steam and output steam of the
boiler system. In some embodiments, the prevention block is
included in the dynamic matrix control block.
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1
DYNAMIC MATRIX CONTROL OF STEAM
TEMPERATURE WITH PREVENTION OF
SATURATED STEAM ENTRY INTO
SUPERHEATER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation-in-Part of pending U.S.
application Ser. No. 12/856,998, filed Aug. 16, 2010 and
entitled “Steam Temperature Control Using Dynamic Matrix
Control,” the contents of which are hereby expressly incor-
porated by reference herein.

TECHNICAL FIELD

This patent relates generally to the control of boiler sys-
tems and in one particular instance to the control and optimi-
zation of steam generating boiler systems using dynamic
matrix control.

BACKGROUND

A variety of industrial as well as non-industrial applica-
tions use fuel burning boilers which typically operate to con-
vert chemical energy into thermal energy by burning one of
various types of fuels, such as coal, gas, oil, waste material,
etc. An exemplary use of fuel burning boilers is in thermal
power generators, wherein fuel burning boilers generate
steam from water traveling through a number of pipes and
tubes within the boiler, and the generated steam is then used
to operate one or more steam turbines to generate electricity.
The output of a thermal power generator is a function of the
amount of heat generated in a boiler, wherein the amount of
heat is directly determined by the amount of fuel consumed
(e.g., burned) per hour, for example.

In many cases, power generating systems include a boiler
which has a furnace that burns or otherwise uses fuel to
generate heat which, in turn, is transferred to water flowing
through pipes or tubes within various sections of the boiler. A
typical steam generating system includes a boiler having a
superheater section (having one or more sub-sections) in
which steam is produced and is then provided to and used
within a first, typically high pressure, steam turbine. To
increase the efficiency of the system, the steam exiting this
first steam turbine may then be reheated in a reheater section
of'the boiler, which may include one or more subsections, and
the reheated steam is then provided to a second, typically
lower pressure steam turbine. While the efficiency of a ther-
mal-based power generator is heavily dependent upon the
heat transfer efficiency of the particular furnace/boiler com-
bination used to burn the fuel and transfer the heat to the water
flowing within the various sections of the boiler, this effi-
ciency is also dependent on the control technique used to
control the temperature of the steam in the various sections of
the boiler, such as in the superheater section of the boiler and
in the reheater section of the boiler.

However, as will be understood, the steam turbines of a
power plant are typically run at different operating levels at
different times to produce different amounts of electricity
based on energy or load demands. For most power plants
using steam boilers, the desired steam temperature setpoints
at final superheater and reheater outlets of the boilers are kept
constant, and it is necessary to maintain steam temperature
close to the setpoints (e.g., within a narrow range) at all load
levels. In particular, in the operation of utility (e.g., power
generation) boilers, control of steam temperature is critical as
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it is important that the temperature of steam exiting from a
boiler and entering a steam turbine is at an optimally desired
temperature. If the steam temperature is too high, the steam
may cause damage to the blades of the steam turbine for
various metallurgical reasons. On the other hand, if the steam
temperature is too low, the steam may contain water particles,
which in turn may cause damage to components of the steam
turbine over prolonged operation of the steam turbine as well
as decrease efficiency of the operation of the turbine. More-
over, variations in steam temperature also cause metal mate-
rial fatigue, which is a leading use of tube leaks.

Typically, each section (i.e., the superheater section and the
reheater section) of the boiler contains cascaded heat
exchanger sections wherein the steam exiting from one heat
exchanger section enters the following heat exchanger sec-
tion with the temperature of the steam increasing at each heat
exchanger section until, ideally, the steam is output to the
turbine at the desired steam temperature. In such an arrange-
ment, steam temperature is controlled primarily by control-
ling the temperature of the water at the output of the first stage
of the boiler which is primarily achieved by changing the
fuel/air mixture provided to the furnace or by changing the
ratio of firing rate to input feedwater provided to the furnace/
boiler combination. In once-through boiler systems, in which
no drum is used, the firing rate to feedwater ratio input to the
system may be used primarily to regulate the steam tempera-
ture at the input of the turbines.

While changing the fuel/air ratio and the firing rate to
feedwater ratio provided to the furnace/boiler combination
operates well to achieve desired control of the steam tempera-
ture over time, it is difficult to control short term fluctuations
in steam temperature at the various sections of the boiler
using only fuel/air mixture control and firing rate to feedwater
ratio control. Instead, to perform short term (and secondary)
control of steam temperature, saturated water is sprayed into
the steam at a point before the final heat exchanger section
located immediately upstream of the turbine. This secondary
steam temperature control operation typically occurs before
the final superheater section of the boiler and/or before the
final reheater section of the boiler. To effect this operation,
temperature sensors are provided along the steam flow path
and between the heat exchanger sections to measure the steam
temperature at critical points along the flow path, and the
measured temperatures are used to regulate the amount of
saturated water sprayed into the steam for steam temperature
control purposes.

In many circumstances, it is necessary to rely heavily on
the spray technique to control the steam temperature as pre-
cisely as needed to satisfy the turbine temperature constraints
described above. In one example, once-through boiler sys-
tems, which provide a continuous flow of water (steam)
through a set of pipes within the boiler and do not use a drum
to, in effect, average out the temperature of the steam or water
exiting the first boiler section, may experience greater fluc-
tuations in steam temperature and thus typically require
heavier use of the spray sections to control the steam tem-
perature at the inputs to the turbines. In these systems, the
firing rate to feedwater ratio control is typically used, along
with superheater spray flow, to regulate the furnace/boiler
system. In these and other boiler systems, a distributed con-
trol system (DCS) uses cascaded PID (Proportional Integral
Derivative) controllers to control both the fuel/air mixture
provided to the furnace as well as the amount of spraying
performed upstream of the turbines.

However, cascaded PID controllers typically respond in a
reactionary manner to a difference or error between a setpoint
and an actual value or level of a dependent process variable to
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be controlled, such as a temperature of steam to be delivered
to the turbine. That is, the control response occurs after the
dependent process variable has already drifted from its set
point. For example, spray valves that are upstream ofa turbine
are controlled to readjust their spray flow only after the tem-
perature of the steam delivered to the turbine has drifted from
its desired target. Needless to say, this reactionary control
response coupled with changing boiler operating conditions
can result in large temperature swings that cause stress on the
boiler system and shorten the lives of tubes, spray control
valves, and other components of the system.

SUMMARY

An embodiment of a method for preventing saturated
steam from entering a superheater section of a steam gener-
ating boiler system may include generating, by a dynamic
matrix controller, a control signal based on a signal indicative
ofa rate of change of a disturbance variable used in the steam
generating boiler system. The method may also include
obtaining a saturated steam temperature and a temperature of
intermediate steam, and determining a magnitude of a differ-
ence between the obtained steam temperatures. The tempera-
ture of the intermediate steam may be determined upstream of
a location at which a temperature of output steam is deter-
mined, where the output steam is generated by the steam
generating boiler system for delivery to a turbine. The method
may further include adjusting the control signal based on the
magnitude of the difference between the saturated steam tem-
perature and the intermediate steam temperature, and control-
ling the temperature of the intermediate steam based on the
adjusted control signal.

An embodiment of a fuzzifier unit for use in a steam gen-
erating boiler system may comprise a first input to receive a
signal indicative of a magnitude of a temperature difference
between saturated steam and intermediate steam generated by
the steam generating boiler system, and a second input to
receive a control signal generated by a dynamic matrix con-
troller, where the control signal corresponds to a rate of
change of a disturbance variable used in the steam generating
boiler system. A temperature of the intermediate steam may
be determined upstream location at which a temperature of
output steam is determined, where the output steam is gener-
ated by the steam generating boiler system for delivery to a
turbine. The fuzzifier unit may also include an adjustment
routine that adjusts the control signal based on the magnitude
of'the temperature difference between the saturated steam and
the intermediate steam. Further, the fuzzifier unit may include
an output to provide the adjusted control signal to a field
device to control the temperature of the intermediate steam.

An embodiment of a steam generating boiler system may
comprise a boiler, a field device, and a controller communi-
catively coupled to the boiler and to the field device. The
boiler may include a superheater section. The steam generat-
ing boiler system may further comprise a control system
communicatively connected to the controller to receive a
signal indicative of a disturbance variable used in the steam
generating boiler system. The control system may include
one or more routines that generate a control signal based on a
rate of change of the disturbance variable, a temperature of
output steam generated by the superheater section, and a
setpoint corresponding to output steam that is delivered to a
turbine. The one or more routines included in the control
system may also modify the control signal based on a differ-
ence between a saturated steam temperature and a tempera-
ture of intermediate steam provided to the superheater sec-
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tion, and may provide the modified control signal to the field
device to control the temperature of the intermediate steam.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a typical boiler steam
cycle for a typical set of steam powered turbines, the boiler
steam cycle having a superheater section and a reheater sec-
tion;

FIG. 2 illustrates a schematic diagram of a prior art manner
of'controlling a superheater section of a boiler steam cycle for
a steam powered turbine, such as that of FIG. 1;

FIG. 3 illustrates a schematic diagram of a prior art manner
of controlling a reheater section of a boiler steam cycle for a
steam powered turbine system, such as that of FIG. 1;

FIG. 4 illustrates a schematic diagram of a manner of
controlling the boiler steam cycle of the steam powered tur-
bines of FIG. 1 ina manner which helps to optimize efficiency
of the system;

FIG. 5A illustrates an embodiment of the change rate deter-
miner of FIG. 4;

FIG. 5B illustrates an embodiment of the error detector unit
of FIG. 4;

FIG. 5C illustrates an example of a function f(x) included
in the function block of FIG. 5B;

FIG. 5D illustrates a schematic diagram of a manner of
controlling the boiler steam cycle of the steam powered tur-
bines of FIG. 1 in a manner which includes prevention of
saturated steam from entering a superheater section of a
steam generation boiler system;

FIG. 5E illustrates an embodiment of the prevention block
of F1IG. 5D;

FIG. 5F illustrates an example of a function g(x) included
in the fuzzifier of FIG. 5E;

FIG. 6 illustrates an exempla method of controlling a steam
generating boiler system;

FIG. 7 illustrates an exemplary method of dynamically
tuning control of a steam generating boiler system; and

FIG. 8 illustrates an exemplary method of preventing satu-
rated steam from entering a superheater section of a steam
generation boiler system.

DETAILED DESCRIPTION

Although the following text sets forth a detailed descrip-
tion of numerous different embodiments of the invention, it
should be understood that the legal scope of the invention is
defined by the words of the claims set forth at the end of this
patent. The detailed description is to be construed as exem-
plary only and does not describe every possible embodiment
of the invention as describing every possible embodiment
would be impractical, if not impossible. Numerous alterna-
tive embodiments could be implemented, using either current
technology or technology developed after the filing date of
this patent, which would still fall within the scope of the
claims defining the invention.

FIG. 1 illustrates a block diagram of a once-through boiler
steam cycle for a typical boiler 100 that may be used, for
example, in a thermal power plant. The boiler 100 may
include various sections through which steam or water flows
in various for such as superheated steam, reheated steam, etc.
While the boiler 100 illustrated in FIG. 1 has various boiler
sections situated horizontally, in an actual implementation,
one or more of these sections may be positioned vertically
with respect to one another, especially because flue gases
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heating the steam in various different boiler sections, such as
a water wall absorption section, rise vertically (or, spiral
vertically).

In any event, as illustrated in FIG. 1, the boiler 100 includes
a furnace and a primary water wall absorption section 102, a
primary superheater absorption section 104, a superheater
absorption section 106 and a reheater section 108. Addition-
ally, the boiler 100 may include one or more desuperheaters
or sprayer sections 110 and 112 and an economizer section
114. During operation, the main steam generated by the boiler
100 and output by the superheater section 106 is used to chive
a high pressure (HP) turbine 116 and the hot reheated steam
coming from the reheater section 108 is used to drive an
intermediate pressure (IP) turbine 118. Typically, the boiler
100 may also be used to drive a low pressure (LP) turbine,
which is not shown in FIG. 1.

The water wall absorption section 102, which is primarily
responsible for generating steam, includes a number of pipes
through which water or steam from the economizer section
114 is heated in the furnace. Of course, feedwater coming into
the water wall absorption section 102 may be pumped
through the economizer section 114 and this water absorbs a
large amount of heat when in the water wall absorption sec-
tion 102. The steam or water provided at output of the water
wall absorption section 102 is fed to the primary superheater
absorption section 104, and then to the superheater absorption
section 106, which together raise the steam temperature to
very high levels. The main steam output from the superheater
absorption section 106 drives the high pressure turbine 116 to
generate electricity.

Once the main steam drives the high pressure turbine 116,
the steam is routed to the reheater absorption section 108, and
the hot reheated steam output from the reheater absorption
section 108 is used to drive the intermediate pressure turbine
118. The spray sections 110 and 112 may be used to control
the final steam temperature at the inputs of the turbines 116
and 118 to be at desired setpoints. Finally, the steam from the
intermediate pressure turbine 118 may be fed through a low
pressure turbine system (not shown here), to a steam con-
denser (not shown here), where the steam is condensed to a
liquid form, and the cycle begins again with various boiler
feed pumps primping the feedwater through a cascade of
feedwater heater trains and then an economizer for the next
cycle. The economizer section 114 is located in the flow ofhot
exhaust gases exiting from the boiler and uses the hot gases to
transfer additional heat to the feedwater before the feedwater
enters the water wall absorption section 102.

As illustrated in FIG. 1, a controller or controller unit 120
is communicatively coupled to the furnace within the water
wall section 102 and to valves 122 and 124 which control the
amount of water provided to sprayers in the spray sections
110 and 112. The controller 120 is also coupled to various
sensors, including intermediate temperature sensors 126A
located at the outputs of the water wall section 102, the
desuperheater section 110, and the desuperheater section
112; output temperature sensors 126B located at the second
superheater section 106 and the repeater section 108; and flow
sensors 127 at the outputs of the valves 122 and 124. The
controller 120 also receives other inputs including the firing
rate, a load signal (typically referred to as a feed forward
signal) which is indicative of and/or a derivative of an actual
ordesired load of the power plant, as well as signals indicative
of settings or features of the boiler including, for example,
damper settings, burner tilt positions, etc. The controller 120
may generate and send other control signals to the various
boiler and furnace sections of the system and may receive
other measurements, such as valve positions, measured spray
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flows, other temperature measurements, etc. While not spe-
cifically illustrated as such in FIG. 1, the controller or con-
troller unit 120 could include separate sections, routines and/
or control devices for controlling the superheater and the
reheater sections of the boiler system.

FIG. 2 is a schematic diagram 128 showing the various
sections of the boiler system 100 of FIG. 1 and illustrating a
typical manner in which control is currently performed in
boilers in the prior art. In particular, the diagram 128 illus-
trates the economizer 114, the primary furnace or water wall
section 102, the first superheater section 104, the second
superheater section 106 and the spray section 110 of FIG. 1.
In this case, the spray water provided to the superheater spray
section 110 is tapped from the feed line into the economizer
114. FIG. 2 also illustrates two PID-based control loops 130
and 132 which may be implemented by the controller 120 of
FIG. 1 or by other DCS controllers to control the fuel and
feedwater operation of the furnace 102 to affect the output
steam temperature 151 delivered by the boiler system to the
turbine.

In particular, the control loop 130 includes a first control
block 140, illustrated in the form of a proportional-integral-
derivative (PID) control block, which uses, as a primary input,
asetpoint 131A in the form of a factor or signal corresponding
to a desired or optimal value of a control variable or a manipu-
lated variable 131A used to control or associated with a
section of the boiler system 100. The desired value 131 A may
correspond to, for example, a desired superheater spray set-
point or an optimal burner tilt position. In other cases, the
desired or optimal value 131 A may correspond to a damper
position of a damper within the boiler system 100, a position
of a spray valve, an amount of spray, some other control,
manipulated or disturbance variable or combination thereof
that is used to control or is associated with the section of the
boiler system 100. Generally, the setpoint 131A may corre-
spond to a control variable or a manipulated variable of the
boiler system 100, and may be typically set by a user or an
operator.

The control block 140 compares the setpoint 131A to a
measure of the actual control or manipulated variable 131B
currently being used to produce a desired output value. For
clarity of discussion, FIG. 2 illustrates an embodiment where
the setpoint 131A at the control block 140 corresponds to a
desired superheater spray. The control block 140 compares
the superheater spray setpoint to a measure of the actual
superheater spray amount (e.g., superheater spray flow) cur-
rently being used to produce a desired water wall outlet tem-
perature setpoint. The water wall output temperature setpoint
is indicative of the desired water wall outlet temperature
needed to control the temperature at the output of the second
superheater 106 (reference 151) to be at the desired turbine
input temperature, using the amount of spray flow specified
by the desired superheater spray setpoint. This water wall
outlet temperature setpoint is provided to a second control
block 142 (also illustrated as a PID control block), which
compares the water wall outlet temperature setpoint to a
signal indicative of the measured water wall steam tempera-
ture and operates to produce a feed control signal. The feed
control signal is then scaled in a multiplier block 144, for
example, based on the firing rate (which is indicative of or
based on the power demand). The output of the multiplier
block 144 is provided as a control input to a fuel/feedwater
circuit 146, which operates to control the firing rate to feed-
water ratio of the furnace/boiler combination or to control the
fuel to air mixture provided to the primary furnace section
102.
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The operation of the superheater spray section 110 is con-
trolled by the control loop 132. The control loop 132 includes
a control block 150 (illustrated in the form of a PID control
block) which compares a temperature setpoint for the tem-
perature of the steam at the input to the turbine 116 (typically
fixed or tightly set based on operational characteristics of the
turbine 116) to a measurement of the actual temperature of the
steam at the input of the turbine 116 (reference 151) to pro-
duce an output control signal based on the difference between
the two. The output of the control block 150 is provided to a
summer block 152 which adds the control signal from the
control block 150 to a feed forward signal which is developed
by a block 154 as, for example, a derivative of a load signal
corresponding to an actual or desired load generated by the
turbine 116. The output of the summer block 152 is then
provided as a setpoint to a further control block 156 (again
illustrated as a PID control block), which setpoint indicates
the desired temperature at the input to the second superheater
section 106 (reference 158). The control block 156 compares
the setpoint from the block 152 to an intermediate measure-
ment of the steam temperature 158 at the output of the super-
heater spray section 110, and, based on the difference
between the two, produces a control signal to control the
valve 122 which controls the amount of the spray provided in
the superheater spray section 110. As used herein, an “inter-
mediate” measurement or value of a control variable or a
manipulated variable is determined at a location that is
upstream of a location at which a dependent process variable
that is desired to be controlled is measured. For example, as
illustrated in FIG. 2, the “intermediate” steam temperature
158 is determined at alocation that is upstream of the location
at which the output steam temperature 151 is measured (e.g.,
the “intermediate steam temperature” or the “temperature of
intermediate steam” 158 is determined at a location that is
further away from the turbine 116 than output steam tempera-
ture 151).

Thus, as seen from the PID-based control loops 130 and
132 of FIG. 2, the operation of the furnace 102 is directly
controlled as a function of the desired superheater spray
131A, the intermediate temperature measurement 158, and
the output steam temperature 151. In particular, the control
loop 132 operates to keep the temperature of the steam at the
input the turbine 116 (reference 151) at a setpoint by control-
ling the operation of the superheater spray section 110, and
the control loop 130 controls the operation of the fuel pro-
vided to and burned within the furnace 102 to keep the super-
heater spray at a predetermined setpoint (to thereby attempt to
keep the superheater spray operation or spray amount at an
“optimum” level).

Of course, while the embodiment discussed uses the super-
heater spray flow amount as an input to the control loop 130,
one or more other control related signals or factors could be
used as well or in other circumstances as an input to the
control loop 130 for developing one or more output control
signals to control the operation of the boiler/furnace, and
thereby provide steam temperature control. For example, the
control block 140 may compare the actual burner tilt positions
with an optimal burner tilt position, which may come from
off-line unit characterization (especially for boiler systems
manufactured by Combustion Engineering) or a separate on-
line optimization program or other source. In another
example with a different boiler design configuration, if flue
gas by-pass damper(s) are used for primary reheater steam
temperature control, then the signals indicative of the desired
(or optimal) and actual burner tilt positions in the control loop
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130 may be replaced or supplemented with signals indicative
of or related to the desired (or optimal) and actual damper
positions.

Additionally, while the control loop 130 of FIG. 2 is illus-
trated as producing a control signal for controlling the fuel/air
mixture of the fuel provided to the furnace 102, the control
loop 130 could produce other types or kinds of control signals
to control the operation of the furnace such as the fuel to
feedwater ratio used to provide fuel and feedwater to the
furnace/boiler combination, the amount or quantity or type of
fuel used in or provided to the furnace, etc. Still further, the
control block 140 may use some disturbance variable as its
input even if that variable itself is not used to directly control
the dependent variable (in the above embodiment, the desired
output steam temperature 151).

Furthermore, as seen from the control loops 130 and 132 of
FIG. 2, the control of the operation of the furnace in both
control loops 130 and 132 is reactionary. That is, the control
loops 130 and 132 (or portions thereof) react to initiate a
change only after a difference between a setpoint and an
actual value is detected. For example, only after the control
block 150 detects a difference between the output steam
temperature 151 and a desired setpoint does the control block
150 produce a control signal to the summer 152, and only
after the control block 140 detects a difference between a
desired and an actual value of a disturbance or manipulated
variable does the control block 140 produce a control signal
corresponding to a water wall outlet temperature setpoint to
the control block 142. This reactionary control response can
result in large output swings that cause stress on the boiler
system, thereby shortening the life of tubes, spray control
valves, and other components of the system, and in particular
when the reactionary control is coupled with changing boiler
operating conditions.

FIG. 3 illustrates a typical (prior art) control loop 160 used
in a reheater section 108 of a steam turbine power generation
system, which may be implemented by, for example, the
controller or controller unit 120 of FIG. 1. Here, a control
block 161 may operate on a signal corresponding to an actual
value of a control variable or a manipulated variable 162 used
to control or associated with the boiler system 100. For clarity
of discussion, FIG. 3 illustrates an embodiment of the control
loop 160 in which the input 162 corresponds to steam flow
(which is typically determined by load demands). The control
block 161 produces a temperature setpoint for the tempera-
ture of the steam being input to the turbine 118 as a function
of the steam flow. A control block 164 (illustrated as a PID
control block) compares this temperature setpoint to a mea-
surement actual steam temperature 163 at the output of the
reheater section 108 to produce a control signal as a result of
the difference between these two temperatures. A block 166
then sums this control signal with a measure of the steam flow
and the output of the block 166 is provided to a spray setpoint
unit or block 168 as well as to a balancer unit 170.

The balancer unit 170 includes a balancer 172 which pro-
vides control signals to a superheater damper control unit 174
as well as to a reheater damper control unit 176 which operate
to control the flue gas dampers in the various superheater and
the reheater sections of the boiler. As will be understood, the
flue gas damper control units 174 and 176 alter or change the
damper settings to control the amount of flue gas from the
furnace which is diverted to each of the superheater and
reheater sections of the boilers. Thus, the control units 174
and 176 thereby control or balance the amount of energy
provided to each of the superheater and reheater sections of
the boiler. As a result, the balancer unit 170 is the primary
control provided on the reheater section 108 to control the
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amount of energy or heat generated within the furnace 102
that is used in the operation of the reheater section 108 of the
boiler system of FIG. 1. Of course, the operation of the
dampers provided by the balancer unit 170 controls the ratio
or relative amounts of energy or heat provided to the reheater
section 108 and the superheater sections 104 and 106, as
diverting more flue gas to one section typically reduces the
amount of flue gas provided to the other section. Still further,
while the balancer unit 170 is illustrated in FIG. 3 as perform-
ing damper control, the balancer 170 can also provide control
using furnace burner tilt position or in some cases, both.

Because of temporary or short term fluctuations in the
steam temperature, and the fact that the operation of the
balancer unit 170 is tied in with operation of the superheater
sections 104 and 106 as well as the reheater section 108, the
balancer unit 170 may not be able to provide complete control
of the steam temperature 163 at the output of the reheater
section 108, to assure that the desired steam temperature at
this location 161 is attained. As a result, secondary control of
the steam temperature 163 at the input of the turbine 118 is
provided by the operation of the reheater spray section 112.

In particular, control of the reheater spray section 112 is
provided by the operation of the spray setpoint unit 168 and a
control block 180. Here, the spray setpoint unit 168 deter-
mines a reheater spray setpoint based on a number of factors,
taking into account the operation of the balancer unit 170, in
well known manners. Typically, however, the spray setpoint
unit 168 is configured to operate the reheater spray section
112 only when the operation of the balancer unit 170 cannot
provide enough or adequate control of the steam temperature
161 at the input of the turbine 118. In any event, the reheater
spray setpoint is provided as a setpoint to the control block
180 (again illustrated as a PID control block) which compares
this setpoint with a measurement of the actual steam tempera-
ture 161 at the output of the reheater section 108 and produces
a control signal based on the difference between these two
signals, and the control signal is used to control the reheater
spray valve 124. As is known, the reheater spray valve 124
then operates to provide a controlled amount of reheater spray
to perform further or additional control of the steam tempera-
ture at of the reheater 108.

In some embodiments, the control of the reheater spray
section 112 may be performed using a similar control scheme
as discussed with respect to FIG. 2. For example, the use of a
reheater section variable 162 as an input to the control loop
160 of FIG. 3 is not limited to a manipulated variable used to
actually control the reheater section in a particular instance.
Thus, it may be possible to use a reheater manipulated vari-
able 162 that is not actually used to control the reheater
section 108 as an input to the control loop 160, or some other
control or disturbance variable of the boiler system 100.

Similar to the PID-based controlloops 130 and 132 of FIG.
2, the PID-based control loop 160 is also reactionary. That is,
the PID-based control loop 160 (or portions thereof) reacts to
initiate a change only after a detected difference or error
between a setpoint and an actual value is detected. For
example, only after the control block 164 detects a difference
between the reheater output steam temperature 163 and the
desired setpoint generated by the control block 161 does the
control block 164 produce a control signal to the summer 166,
and only after the control block 180 detects a difference
between the reheater output temperature 163 and the setpoint
determined at the block 168 does the control block 180 pro-
duce a control signal to the spray valve 124. This reactionary
control response coupled with changing boiler operating con-
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ditions can result in large output swings that may shorten the
life of tubes, spray control valves, and other components of
the system.

FIG. 4 illustrates an embodiment of a control system or
control scheme 200 for controlling the steam generating
boiler system 100. The control system 200 may control at
least a portion of the boiler system 100 such as a control
variable or other dependent process variable of the boiler
system 100. In the example shown in FIG. 4, the control
system 200 controls a temperature of output steam 202 deliv-
ered from the boiler system 100 to the turbine 116, but in other
embodiments, the control scheme 200 may additionally or
alternatively control another portion of the boiler system 100
(e.g. an intermediate portion such as a temperature of steam
entering the second superheater section 106, or a system
output, an output parameter, or an output control variable
such as a pressure of the output steam at the turbine 118). In
some embodiments, multiple control schemes 200 may con-
trol different output parameters.

The control system or control scheme 200 may be per-
formed in or may be communicatively coupled with the con-
troller or controller unit 120 of the boiler system 100. For
example, in some embodiments, at least a portion of the
control system or control scheme 200 may be included in the
controller 120. In some embodiments, the entire control sys-
tem or control scheme 200 may be included in the controller
120.

Indeed, the control system 200 of FIG. 4 may be a replace-
ment for the PID-based control lops 130 and 132 of FIG. 2.
However, instead of being reactionary like the control loops
130 and 132 (e.g., where a control adjustment is not initiated
until after a difference or error is detected between the portion
of'the boiler system 100 that is desired to be controlled and a
corresponding setpoint), the control scheme 200 is at least
partially feed forward in nature, so that the control adjustment
is initiated before a difference or error at the portion of the
boiler system 100 is detected. Specifically, the control system
or scheme 200 may be based on a rate of change of one or
more disturbance variables that affect the portion of the boiler
system 100 that is desired to be controlled. A dynamic matrix
control (DMC) block may receive the rate of change of the
one or more disturbance variables at an input and may cause
the process to run at an optimal point based on the rate of
change. Moreover, the DMC block may continually optimize
the process over time as the rate of change itself changes.
Thus, as the DMC block continually estimates the best
response and predicatively optimizes or adjusts the process
based on current inputs, the dynamic matrix control block is
feed forward or predictive in nature and is able to control the
process more tightly around its setpoint. Accordingly, process
components are not subjected to wide swings in temperature
or other such factors with the DMC-based control scheme
200. In contrast, PID-based control systems or schemes can-
not predict or estimate optimizations at all, as PID-based
control systems or schemes require a resultant measurement
or error in the controlled variable to actually occur in order to
determine any process adjustments. Consequently, PID-
based control systems or schemes swing more widely from
desired setpoints than the control system or scheme 200, and
process components in PID-based control systems typically
fail earlier due to these extremes.

In further contrast to the PID-based control loops 130 and
132 of FIG. 2, the DMC-based control system or scheme 200
does not require receiving, as an input, any intermediate or
upstream value corresponding to the portion of the boiler
system 100 that is desired to be controlled, such as the inter-
mediate steam temperature 158 determined after the spray
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valve 122 and before the second superheater section 106.
Again, as the DMC-based control system or scheme 200 is at
least partially predictive, the DMC-based control system or
scheme 200 does not require intermediate “checkpoints” to
attempt to optimize the process, as do PID-based schemes.
These differences and details of the control system 200 are
described in more detail below.

In particular, the control system or scheme 200 includes a
change rate determiner 205 that receives a signal correspond-
ing to a measure of an actual disturbance variable of the
control scheme 200 that currently affects a desired operation
of'the boiler system 100 or a desired output value of a control
or dependent process variable 202 of the control scheme 200,
similar to the measure of the control or manipulated variable
131B received at the control block 140 of FIG. 2. In the
embodiment illustrated in FIG. 4, the desired operation of the
boiler system 100 or controlled variable of the control scheme
200 is the output steam temperature 202, and the disturbance
variable input to the control scheme 200 at the change rate
determiner 205 is a fuel to air ratio 208 being delivered to the
furnace 102. However, the input to the change rate determiner
205 may be any disturbance variable. For example, the dis-
turbance variable of the control scheme 200 may be a manipu-
lated variable that is used in some other control loop of the
boiler system 100 other than the control scheme 200, such as
a damper position. The disturbance variable of the control
scheme 200 may be a control variable that is used in some
other control loop of the boiler system 100 other than the
control scheme 200, such as intermediate temperature 1268
of FIG. 1. The disturbance variable input into the change rate
determiner 205 may be considered simultaneously as a con-
trol variable of another particular control loop, and a manipu-
lated variable of yet another control loop in the boiler system
100, such as the fuel to airratio. The disturbance variable may
be some other disturbance variable of another control loop,
e.g., ambient air pressure or some other process input vari-
able. Examples of possible disturbance variables that may be
used in conjunction with the DMC-based control system or
scheme 200 include, but are not limited to a furnace burner tilt
position; a steam flow; an amount of soot blowing; a damper
position; a power setting; a fuel to air mixture ratio of the
furnace; a firing rate of the furnace; a spray flow; a water wall
team temperature; a load signal corresponding to one of a
target load or an actual load of the turbine; a flow temperature;
a fuel to feed water ratio; the temperature of the output steam;
a quantity of fuel; a type of fuel, or some other manipulated
variable, control variable, or disturbance variable. In some
embodiments, the disturbance variable may be a combination
of'one or more control, manipulated, and/or disturbance vari-
ables.

Furthermore, although only one signal corresponding to a
measure of one disturbance variable of the control system or
scheme 200 is shown as being received at the change rate
determiner 205, in some embodiments, one or more signals
corresponding to one or more disturbance variables of the
control system or scheme 200 may be received by the change
rate determiner 205. However, in contrast to reference 131A
of FIG. 2, it is not necessary for the change rate determiner
205 to receive a setpoint or desired/optimal value correspond-
ing to the measured disturbance variable, e.g., in FIG. 4, it is
not necessary to receive a setpoint for the fuel to air ratio 208.

The change rate determiner 205 is configured to determine
a rate of change of the disturbance variable input 208 and to
generate a signal 210 corresponding to the rate of change of
the input 208. FIG. 5A illustrates an example of the change
rate determiner 205. In this example, the change rate deter-
miner 205 includes at least two lead lag blocks 214 and 216
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that each adds an amount of time lead or time lag to the
received input 208. Using the outputs of the two lead lag
blocks 214 and 216, the change rate determiner 205 deter-
mines a difference between two measures of the signal 208 at
two different points in time, and accordingly, determines a
slope or a rate of change of the signal 208.

Inparticular, the signal 208 corresponding to the sure of the
disturbance variable may be received at an input of the first
lead lag block 214 that may add a time delay. An output
generated by the first lead lag block 214 may be received at a
first input difference block 218. The output of the first lead lag
block 214 may also be received at an input of the second lead
lag block 216 that may add an additional time delay that may
be same as or different than the time delay added by the first
lead lag block 214. The output of the second lead lag block
216 may be received at a second input of the difference block
218. The difference block 218 may determine a difference
between the outputs of the lead lag blocks 214 and 216, and,
by using the time delays of the lead lag blocks 214, 216, may
determine the slope or the rate of change of the disturbance
variable 208. The difference block 218 may generate a signal
210 corresponding to a rate of change of the disturbance
variable 208. In some embodiments, one or both of the lead
lag blocks 214, 216 may be adjustable to vary their respective
time delay. For instance, for a disturbance input 208 that
changes more slowly over time, a time delay at one or both
lead lag blocks 214, 216 may be increased. In some embodi-
ments, the change rate determiner 205 may collect more than
two measures of the signal 208 in order to more accurately
calculate the slope or rate of change. Of course, FIG. 5A is
only one example of the change rate determiner 205 of FIG.
4, and other examples may be possible.

Turning back to FIG. 4, the signal 210 corresponding to the
rate of change of the disturbance variable may be received by
a gain block or a gain adjustor 220 that introduces gain to the
signal 210. The gain may be amplificatory or the gain may be
fractional. The amount of gain introduced by the gain block
220 may be manually or automatically selected. In some
embodiments, the gain block 220 may be omitted.

The signal 210 corresponding to the rate of change of the
disturbance variable of the control system or scheme 200
(including any desired gain introduced by the optional gain
block 220) may be received at a dynamic matrix control
(DMC) block 222. The DMC block 222 may also receive, as
inputs, a measure of a current or actual value of the portion of
the boiler system 100 to be controlled (e.g., the control or
controlled variable of the control system or scheme 200; in
the example of FIG. 4, the temperature 202 of the steam
output) and a corresponding setpoint 203. The dynamic
matrix control block 222 may perform model predictive con-
trol based on the received inputs to generate a control output
signal. Note that unlike the PID-based control loops 130 and
132 of FIG. 2, the DMC block 222 does not need to receive
any signals corresponding to intermediate measures of the
portion of the boiler system 100 to be controlled, such as the
intermediate steam temperature 158. However, such signals
may be used as inputs to the DMC block 222 if desired, for
instance, when a signal to an intermediate measure is input
into the change rate determiner 205 and the change rate deter-
miner 205 generates a signal corresponding to the rate of
change of the intermediate measure. Furthermore, although
not illustrated in FIG. 4, the DMC block 222 may also receive
other inputs in addition to the signal 210 corresponding to the
rate of change, the signal corresponding to an actual value of
the controlled variable (e.g., reference 202), and its setpoint
203. For example, the DMC block 222 may receive signals
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corresponding to zero or more disturbance variables other
than the signal 210 corresponding to the rate of change.

Generally speaking, the model predictive control per-
formed by the DMC block 222 is a multiple-input-single-
output (MISO) control strategy in which the effects of chang-
ing each of a number of process inputs on each of a number of
process outputs is measured and these measured responses
are then used to create a model of the process. In some cases,
though, a multiple-input-multiple-output (MIMO) control
strategy may be employed. Whether MISO or MIMO, the
model of the process is inverted mathematically and is then
used to control the process output or outputs based on changes
made to the process inputs. In some cases, the process model
includes or is developed from a process output response curve
for each ofthe process inputs and these curves may be created
based on a series of, for example, pseudo-random step
changes delivered to each of the process inputs. These
response curves can be used to model the process in known
manners. Model predictive control is known in the art and, as
a result, the specifics thereof will not be described herein.
However, model predictive control is described generally in
Qin, S. Joeand Thomas A. Badgwell, “An Overview of Indus-
trial Model Predictive Control Technology,” AIChE Confer-
ence, 1996.

Moreover, the generation and use of advanced control rou-
tines such as MPC control routines may be integrated into the
configuration process for a controller for the steam generating
boiler system. For example, Wojsznis et al., U.S. Pat. No.
6,445,963 entitled “Integrated Advanced Control Blocks in
Process Control Systems,” the disclosure of which is hereby
expressly incorporated by reference herein, discloses a
method of generating an advanced control block such as an
advanced controller (e.g., an MPC controller or a neural net-
work controller) using data collected from the process plant
when configuring the process plant. More particularly, U.S.
Pat. No. 6,445,963 discloses a configuration system that cre-
ates an advanced multiple-input-multiple-output control
block within a process control system in a manner that is
integrated with the creation of and downloading of other
control blocks using a particular control paradigm, such as the
Fieldbus paradigm. In this case, the advanced control block is
initiated by creating a control block (such as the DMC block
222) having desired inputs and outputs to be connected to
process outputs and inputs, respectively, for controlling a
process such as a process used in a steam generating boiler
system. The control block includes a data collection routine
and a waveform generator associated therewith and may have
control logic that is not tuned or otherwise undeveloped
because this logic is missing tuning parameters, matrix coef-
ficients or other control parameters necessary to be imple-
mented. The control block is placed within the process con-
trol system with the defined inputs and outputs
communicatively coupled within the control system in the
manner that these inputs and outputs would be connected if
the advanced control block was being used to control the
process. Next, during a test procedure, the control block sys-
tematically upsets each of the process inputs via the control
block outputs using waveforms generated by the waveform
generator specifically designed for use in developing a pro-
cess model. Then, via the control block inputs, the control
block coordinates the collection of data pertaining to the
response of each of the process outputs to each of the gener-
ated waveforms delivered to each of the process inputs. This
data may, for example, be sent to a data historian to be stored.
After sufficient data has been collected for each of the process
input/output pairs, a process modeling procedure is run in
which one or more process models are generated from the
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collected data using, for example, any known or desired
model generation or determination routine. As part of this
model generation or determination routine, a model param-
eter determination routine may develop the model param-
eters, e.g., matrix coefficients, dead time, gain, time con-
stants, etc. needed by the control logic to be used to control
the process. The model generation routine or the process
model creation software may generate different types of mod-
els, including non-parametric models, such as finite impulse
response (FIR) models, and parametric such as auto-regres-
sive with external puts (ARX) models. The control logic
parameters and, if needed, the process model, are then down-
loaded to the control block to complete formation of the
advanced control block so that the advanced control block,
with the model parameters and/or the process model therein,
can be used to control the process during run-time. When
desired, the model stored in the control block may be re-
determined, changed, or updated.

In the example illustrated by FIG. 4, the inputs to the
dynamic matrix control block 222 include the signal 210
corresponding to the rate of change of the one or more dis-
turbance variables of the control scheme 200 (such as one or
more of the previously discussed disturbance variables), a
signal corresponding to a measure of an actual value or level
of the controlled output 202, and a setpoint 203 correspond-
ing to a desired or optimal value of the controlled output.
Typically (hut not necessarily), the setpoint 203 is determined
by a user or operator of the steam generating boiler system
100. The DMC block 222 may use a dynamic matrix control
routine to predict an optimal response based on the inputs and
a stored model (typically parametric, but in some cases may
be non-parametric), and the DMC block 222 may generate,
based on the optimal response, a control signal 225 for con-
trolling a field device. Upon reception of the signal 225 gen-
erated by the DMC block 222, the field device may adjust its
operation based on control signal 225 received from the DMC
block 222 and influence the output towards the desired or
optimal value. In this manner, the control scheme 200 may
feed forward the rate of change 210 of one or more distur-
bance variables, and may provide advanced correction prior
to any difference or error occurring in the output value or
level. Furthermore, as the rate of change of the one or more
disturbance variables 210 changes, the DMC block 222 pre-
dicts a subsequent optimal response based on the changed
inputs 210 and generates a corresponding updated control
signal 225.

Inthe example particularly illustrated in FIG. 4, the input to
the change rate determiner 205 is a fuel to air ratio 208 being
delivered to the furnace 102, the portion of the steam gener-
ating boiler system 100 that is controlled by the control
scheme 200 is the output steam temperature 202, and the
control scheme 200 controls the output steam temperature
202 by adjusting the spray valve 122. Accordingly, a dynamic
matrix control routine of the DMC block 222 uses the signal
210 corresponding to the rate of change of the fuel to air ratio
208 generated by the change rate determiner 205, a signal
corresponding to a measure of an actual output steam tem-
perature 202, a desired output steam temperature or setpoint
203, and a parametric model to determine a control signal 225
for the spray valve 122. The parametric model used by the
DMC block 222 may identify exact relationships between the
input values and control of the spray valve 122 (rather than
just a direction as in PID control). The DMC block 222
generates the control signal 225, and upon its reception, the
spray valve 122 adjusts an amount of spray flow based on the
control signal 225, thus influencing the output steam tempera-
ture 202 towards the desired temperature. In this feed forward
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manner, the control system 200 controls the spray valve 122,
and consequently the output steam temperature 202 based on
a rate of change of the fuel to air ratio 208. If the fuel to air
ratio 208 subsequently changes, then the DMC block 222
may use the updated fuel to air ratio 208, the parametric
model, and in some cases, previous input values, to determine
a subsequent optimal response. A subsequent control signal
225 may be generated and sent to the spray valve 122.

The control signal 225 generated by the DMC block 222
may be received by a gain block or gain adjustor 228 (e.g., a
summer gain adjustor) that introduces gain to the control
signal 225 prior to its delivery to the field device 122. In some
cases, the gain may be amplificatory. In some cases, the gain
may be fractional. The amount of gain introduced by the gain
block 228 may be manually or automatically selected. In
some embodiments, the gain block 228 may be omitted.

Steam generating boiler systems by their nature, however,
generally respond somewhat slowly to control, in part due to
the large volumes of water and steam that move through the
system. To help shorten the response time, the control scheme
200 may include a derivative dynamic matrix control (DMC)
block 230 in addition to the primary dynamic matrix control
block 222. The derivative DMC block 230 may use a stored
model (either parametric or a non-parametric) and a deriva-
tive dynamic matrix control routine to determine an amount
of'boost by which to amplify or modify the control signal 225
based on the rate of change or derivative of the disturbance
variable received at an input of the derivative DMC block 230.
In some cases, the control signal 225 may also be based on a
desired weighting of the disturbance variable, and/or the rate
of change thereof. For example, a particular disturbance vari-
able may be more heavily weighted so as to have more influ-
ence on the controlled output (e.g., on the reference 202).
Typically, the model stored in the derivative DMC block 230
(e.g., the derivative model) may be different than the model
stored in the primary DMC block 222 (e.g., the primary
model), as the DMC blocks 222 and 230 each receive a
different set of inputs to generate different outputs. The
derivative DMC block 230 may generate at its output a boost
signal or a derivative signal 232 corresponding to the amount
of boost.

A summer block 238 may receive the boost signal 232
generated by the derivative DMC block 230 (including any
desired gain introduced by the optional gain block 235) and
the control signal 225 generated by the primary DMC block
222. The summer block 238 may combine the control signal
225 and the boost signal 232 to generate a summer output
control signal 240 to control a field device, such as the spray
valve 122. For example, the summer block 238 may add the
two input signals 225 and 232, or may amplify the control
signal 225 by the boost signal 232 in some other manner. The
summer output control signal 240 may be delivered to the
field device to control the field device. In some embodiments,
optional gain may be introduced to the summer output control
signal 240 by the gain block 228, in a manner such as previ-
ously discussed for the gain block 228.

Upon reception of the summer output control signal 240, a
field device such as the spray valve 122 may be controlled so
that the response time of the boiler system 100 is shorter than
a response time when the field device is controlled by the
control signal 225 alone so as to move the portion of the boiler
system that is desired to be controlled more quickly to the
desired operating value or level. For example, if the rate of
change ofthe disturbance variable is slower, the boiler system
100 can afford more time to respond to the change, and the
derivative DMC block 230 would generate a boost signal
corresponding to a lower boost to be combined with the
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control output of the primary DMC block 230. If the rate of
change is faster, the boiler system 100 would have to respond
more quickly and the derivative DMC block 230 would gen-
erate a boost signal corresponding to a larger boost to be
combined with the control output of the primary DMC block
230.

In the example illustrated by FIG. 4, the derivative DMC
block 230 may receive, from the change rate determiner 205,
the signal 210 corresponding to the rate of change of the fuel
to air ratio 208, including, any desired gain introduced by the
optional gain block 220. Based on the signal 210 and a para-
metric model stored in the derivative DMC block 230, the
derivative DMC block 230 may determine (via, for example,
a derivative dynamic matrix control routine) an amount of
boost that is to be combined with the control signal 225
generated by the primary DMC block 222, and may generate
a corresponding boost signal 232. The boost signal 232 gen-
erated by the derivative DMC block 230 may be received by
a gain block or gain (e.g., a derivative or boost gain adjustor)
235 that introduces gain to the boost signal 232. The gain may
be amplificatory or fractional, and an amount of gain intro-
duced by the gain block 235 may be manually or automati-
cally selected. In some embodiments, the gain block 235 may
be omitted.

Although not illustrated, various embodiments of the con-
trol system or scheme 200 are possible. For example, the
derivative DMC block 230, its corresponding gain block 235,
and the summer block 238 may be optional. In particular, in
some faster responding systems, the derivative DMC block
230, the gain block 235 and the summer block 238 may be
omitted. In some embodiments, one or all of the gain blocks
220, 228 and 235 may be omitted. In some embodiments, a
single change rate determiner 205 may receive one or more
signals corresponding to multiple disturbance variables, and
may deliver a single signal 210 corresponding to rate(s) of
change to the primary DMC block 222. In some embodi-
ments, multiple change rate determiners 205 may each
receive one or more signals corresponding to different distur-
bance variables, and the primary DMC block 222 may receive
multiple signals 210 from the multiple change rate determin-
ers 205. In the embodiments including multiple change rite
determiners 205, each of the multiple change rate determiners
205 may be in connection with a different corresponding
derivative DMC block 230, and the multiple derivative DMC
blocks 230 may each provide their respective boost signals
232 to the summer block 238. In some embodiments, the
multiple change rate determiners 205 may each provide their
respective boost outputs 210 to a single derivative DMC block
230. Of course, other embodiments of the control system 200
may be possible.

Furthermore, as the steam generating boiler system 100
generally includes multiple field devices, embodiments of the
control system or scheme 200 may support the multiple field
devices. For example, a different control system 200 may
correspond to each of the multiple field devices, so that each
different field device may be controlled by a different change
rate determiner 205, a different primary DMC block 222, and
a different (optional) derivative DMC block 230. That is,
multiple instances of the control system 200 may be included
in the boiler system 100, with each of the multiple instances
corresponding to a different field device. In some embodi-
ments of the boiler system 100, at least a portion of the control
scheme 200 may service multiple field devices. For example,
asingle change rate determiner 205 may service multiple held
devices, such as multiple spray valves. In an illustrative sce-
nario, if more than one spray valve is desired to be controlled
based on the rate of change of fuel to air ratio, a single change
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rate determiner 205 may generate a signal 210 corresponding
to the rate of change of fuel to air ratio and may deliver the
signal 210 to different primary DMC blocks 222 correspond-
ing to the different spray valves. In another example, a single
primary DMC block 222 may control all spray valves in a
portion of or the entire boiler system 100. In other examples,
a single derivative DMC block 230 may deliver a boost signal
232 to multiple primary DMC blocks 222, where each of the
multiple primary DMC blocks 222 provides its generated
control signal 225 to a different field device. Of course, other
embodiments of the control system scheme 200 to control
multiple field devices may be possible.

In some embodiments, the control system or scheme 200
and/or the controller unit 120 may be dynamically tuned. For
example, the control system or scheme 200 and/or the con-
troller unit 120 may be dynamically tuned by using an error
detector unit or block 250. In particular, the error detector unit
may detect the presence of an error or discrepancy between
the desired value 203 of an output parameter and an actual
value 202 of the output parameter. The error detector unit 250
may receive, at a first input, a signal corresponding to the
output parameter 202 (in this example, the temperature of the
output steam 202). At a second input, the error detector unit
250 may receive a signal corresponding to the setpoint 203 of
the output parameter 202. The error detector unit 250 may
determine a magnitude of a difference between the signals
received at the first and the second inputs, and may provide an
output signal 252 indicative of the magnitude of the differ-
ence to the primary dynamic matrix control block 222.

The DMC block 222 may receive a signal corresponding to
the rate of change of the disturbance variable 210 at a third
input. As previously discussed, the signal corresponding to
the rate of change of the disturbance variable 210 may or may
not be modified by the gain block 220. The DMC block 222
may adjust the signal corresponding to the rate of change of
the DV 210 based on the output signal 252 generated by the
error detection unit 250 (e.g., based on the magnitude of the
difference between the setpoint 203 and the actual level of the
output para mete 202). In some embodiments, if the output
signal 252 of the error detector unit 250 indicates a larger
magnitude of difference, this may indicate a larger error or
discrepancy between an actual level of the output parameter
202 and a desired level 203 of the output parameter 202.
Accordingly, the DMC block 222 may adjust or tune the
signal corresponding to the rate of change of the DV 210 more
aggressively to more quickly ameliorate the error or discrep-
ancy, e.g., the signal corresponding to the rate of change of the
DV 210 may be subject to a larger magnitude of adjustment.
Similarly, if the output signal 252 of the error detector unit
250 indicates a smaller magnitude of difference or error, the
DMC block 222 may adjust or tune the signal corresponding
to the rate of change of the DV 210 less aggressively, e.g., the
signal corresponding to the rate of change of the DV 210 may
be subject to a smaller magnitude of adjustment. If the output
signal 252 indicates that the magnitude of the difference
between the actual level of the output parameter 202 and the
desired level 203 of the output parameter 202 is essentially
zero or otherwise within tolerance (as defined by an operator
or by system parameters), then the control system or scheme
200 may be operating in a manner such as to keep the output
parameter 202 within an acceptable range, and the signal
corresponding to the rate of change of the DV 210 may not be
adjusted.

In this manner, the dynamic matrix control block 222 may
provide dynamic tuning of the control system or scheme 200.
For example, the DMC block 222 may provide dynamic
tuning of the rate of change of the DV 210 based on a mag-

20

25

40

45

18

nitude of a difference or an error between a desired level 203
and an actual level of the output parameter 202. As the dif-
ference or error changes in magnitude, the magnitude of an
adjustment of the rate of change of the DV 210 may be
changed accordingly.

It should be noted that while FIG. 4 illustrates the error
detector block or unit 250 as a separate entity from the DMC
block 222, in some embodiments, at least some portions of the
error detector block or unit 250 and the DMC block 222 may
be combined into a single entity.

FIG. 5B illustrates an embodiment of the error detector unit
or block 250 of FIG. 4. In this embodiment, the error detector
unit 250 may include a difference block or unit 250A that
determines the difference between the actual level of the
output parameter 202 and its corresponding setpoint 203. For
example, with respect to FIG. 4, the difference block 250A
may determine the difference between the actual output steam
temperature 202 and a desired output steam temperature set-
point 203. In an embodiment, the difference block or unit
250A may receive a signal indicative of an actual level of the
output parameter 202 at a first input, and may receive a signal
indicative of a setpoint 203 corresponding to the output
parameter 202 at a second input. The difference block or unit
250A may generate an output signal 250B indicative of the
difference between the two inputs 202 and 203.

The error detector unit 250 may include an absolute value
ormagnitude block 250C that receives the output signal 250B
of the difference block 250A and determines an absolute
value or magnitude of the difference between the received
input signals 202 and 203. In the embodiment illustrated in
FIG. 5B, the absolute value block 250C may generate an
output signal 250D indicative of a magnitude of the differ-
ence between the actual 202 and desired 203 values of the
output parameter. In some embodiments, the difference block
250A and the absolute value block 250C may be included in
a single block (not shown) that receives the input signals 202,
203 and that generates the output signal 250D indicative of
the magnitude of the difference between the actual 202 and
desired 203 values of the output parameter.

The output signal 250D may be provided to a function
block or unit 250E. The function block or unit 250E may
include a routine, algorithm or computer-executable instruc-
tions for a function f(x) (reference 250F) that operates on the
signal 250D (which is indicative of the magnitude of the
difference between the actual 202 and desired 203 output
parameter levels). The output signal 252 of the error detector
block 250 may be based on the output of the function f(x)
(reference 250F), and may be provided to the dynamic matrix
control block 222. Thus, the signal 250D indicative of the
magnitude of the difference between the actual 202 and
desired 203 values of the output parameter may be modified
based on f(x) (reference 250F), and the modified or adjusted
signal 252 may be provided to the dynamic matrix control
block 222 to dynamically tune the control system or scheme
200.

In some embodiments, the output signal 252 from the error
detector 250 may be stored in a register R that is accessed by
the DMC block 222 to generate the control signal 225. In
particular, the DMC block 222 may compare the value in the
register R to a value in a register Q to determine an aggres-
siveness of tuning reflected in the control signal 225 to control
the control system 200. The value in the register of Q may be,
for example, provided by another entity within the control
scheme 200 or boiler system 100, may be manually provided,
ormay be configured. In one example, as the value of R moves
away from the value of Q, the DMC may tune the control
signal 225 more aggressively to control the process. As the
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value of R moves towards the value of Q, the DMC block 222
may adjust the control signal 225 accordingly for less aggres-
sive control. In other embodiments, the converse may occur:
as the value of R moves towards the value of Q, the DMC may
generate a more aggressive signal 225, and as the value of R
moves away from the value of Q, the DMC may generated a
less aggressive signal 225. In some embodiments, the regis-
ters R and Q may be internal registers of the DMC block 222.

FIG. 5C shows an example of a function f(x) (reference
250F) included in the function block 250E of FIG. 5B. The
function f(x) (reference 250F) may use the difference
between the current or actual value of the output parameter
202 and its corresponding setpoint 203 as an input, as shown
by the x-axis 260. In some embodiments, the value of the
input 260 of f(x) may be indicated by the signal 250D in FIG.
5B. The function f(x) may include a curve 262 that indicates
an output value (e.g., the y-axis 265) for each input value 260.
In some embodiments, a value of the output 265 of f(x)
(reference 250F) may be stored in the R register of the DMC
block 222 and may influence the control signal 225. In the
example shown in FIG. 5C, an error or difference of tempera-
ture between a current process value and its setpoint having a
magnitude of 10 may result in an f(x) output of 2, and a zero
error may result in an f(x) output of 20.

Of course, while FIG. 5C illustrates one embodiment of the
function f(x), other embodiments of f(x) may be used in
conjunction with the error detection block 250. For example,
the curve 262 may be different than that shown in FIG. 5C. In
another example, the ranges of the values of the x-axis 260
and/or the y-axis 265 may differ from FIG. 5C. In some
embodiments, the output or y-axis of the function f(x) may
not be provided to a register R. In some embodiments, the
output of the function f(x) may be the equivalent of the output
252 of'the error detector 250. Other embodiments of {(x) may
be possible.

In some embodiments, at least some portion of the function
f(x) (reference 250F) may be modifiable. That is, an operator
may manually modify one or more portions of the function
f(x), and/or one or more portions of the function f(x) may be
automatically modified based on one or more parameters of
the control scheme 200 or of the boiler 100. For example, one
or more boundary conditions of f(x) may be changed or
modified, a constant included in f(x) may be modified, a slope
or curve of f(x) between a certain range of input values may be
modified, etc.

Turning back to FIG. 5B, in some embodiments of the error
detector block 250, the function block 250E may be omitted.
In these embodiments, the signal indicative of the magnitude
of the difference between the actual 202 and desired 203
values of the output parameter (reference 250D) may be
equivalent to the output signal 252 generated by the error
detector block 250.

Some embodiments of the dynamic matrix control scheme
or control system 200 may include prevention of saturated
steam from entering the superheater 106. As commonly
known, if steam at saturation temperature is delivered to the
final superheater 106, the saturated steam may enter the tur-
bine 202 and consequently may cause potentially undesirable
results, such as damage to the turbine. Accordingly, FIG. 5D
illustrates an embodiment of the dynamic matrix control
scheme or system 200 that includes a prevention block 282 to
aid in prevention of saturated steam from entering the super-
heater 106. For brevity and clarity, FIG. 5D does not replicate
the entire control scheme or system 200 illustrated in FIG. 4.
Rather, a section 280 of the control scheme 200 of FIG. 4 that
includes the prevention block 282 is shown in FIG. 5D. It
should be noted that while FIG. 5D illustrates the prevention
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block 282 as a separate entity from the DMC block 222, in
some embodiments, at least some portions of the prevention
block 282 and the DMC block 222 may be combined into a
single entity.

The prevention block 282 may receive, at a first input, a
control signal 225B from the primary DMC block 222. The
DMC block 222 may include a routine that generates a control
signal 225A that is similar to the routine of the DMC block
222 that generates the control signal 225 in FIG. 4. The
embodiment 280 of FIG. 5D is further similar to FIG. 4 in that
the control signal 225A is shown as summed with the boost
signal 232 at the block 238, and the summed signal is modi-
fied by gain in the block 228 to produce control signal 225B.
As also previously discussed, in some embodiments the block
238 and/or the block 228 may be optional (as denoted by the
dashed lines 285), and one or both of the blocks 238 and 228
may be omitted. For example, in embodiments where the
blocks included in the dashed lines 285 are omitted, the
control signal 225B is equivalent to the control signal 225A.

The prevention block 282 may receive, ata second input, a
signal indicative of atmospheric pressure (AP) 288, and may
receive, at a third input, a signal indicative of the current
intermediate steam temperature 158. Based on the atmo-
spheric pressure, the prevention block 282 may determine a
saturated steam temperature. Based on the saturated steam
temperature and the current intermediate steam temperature
158, the prevention block 282 may determine a magnitude of
a temperature difference between the temperatures 158 and
288, and may determine an adjustment or modification to the
control signal 225B corresponding to the magnitude of the
temperature difference to aid in preventing the intermediate
steam temperature 158 from reaching the saturated steam
temperature. Upon applying the adjustment or modification
to the control signal 225B, the prevention block 282 may
provide, at an output, an adjusted or modified control signal
225C to control the intermediate steam temperature 158. In
the example illustrated in FIG. 5D, the adjusted or modified
control signal 22dsz may be provided to the spray valve 122,
and the spray valve 122 may adjust its opening or closing
based on the modified control signal 225C to aid in preventing
the intermediate steam temperature 158 from reaching the
saturated steam temperature.

FIG. 5E illustrates an embodiment of the prevention unit or
block 282 of FIG. 5D. The prevention unit or block 282 may
receive the signal indicative of a current atmospheric pressure
(AP) 288 at a first put of a steam able or steam calculator
282A, and may receive a unit steam pressure at a second input
of the steam table 282A. Steam tables or steam calculators,
such as the steam table 282A, may determine a saturated
steam temperature 282B based on a given atmospheric pres-
sure and the unit steam pressure. A signal indicative of the
saturated steam temperature 282B may be provided from the
steam table 282A to a first input of a comparator block or unit
282C. The comparator block 282C may receive a signal
indicative of the current intermediate steam temperature 158
at a second input, and based on the two received signals, may
determine a temperature difference between the saturated
steam temperature 282B and the current intermediate steam
temperature 158. In an exemplary embodiment, the compara-
tor block or unit 282C may determine a magnitude of the
temperature difference. In other embodiments, the compara-
tor block or unit 282C may determine a direction of the
temperature difference, e.g., whether the temperature differ-
ence is increasing or decreasing. The comparator 282C may
provide a signal 282D indicative of the magnitude of the
temperature difference or the direction of temperature differ-
ence to a fuzzifier block or unit 282E.
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The fuzzifier block 282E may receive the signal 282D at a
first input, and may receive the control signal 225B at a
second input. Based on the signal 282D from the comparator
282C (e.g., based on a temperature difference between the
saturated steam temperature 282B and the current value of the
intermediate steam temperature 158), the fuzzifier block
282F may determine an adjustment or modification to the
control signal 225B, and may generate the adjusted or modi-
fied signal 225C at an output.

In some embodiments, the adjustment or modification to
the control signal 225B may be determined based on a com-
parison of the magnitude of the temperature difference to a
threshold T, so that the fuzzifier 282E does not adjust or
modify the signal 225B until the threshold T is crossed. In an
example, the threshold T may be 15 degrees Fahrenheit (F),
and the examples and embodiments discussed herein may
refer to the threshold T as being 15 degrees F. for clarity of
discussion. It is understood, however, that other values or
units of the threshold T may be possible. Furthermore, in
some embodiments, the threshold T may be adjustable, either
automatically or manually.

In embodiments including a threshold T, when the magni-
tude of the difference between the saturated steam tempera-
ture 282B and the actual intermediate steam temperature is
less than T (e.g., less than 15 degrees F.), the fuzzifier block
282E may apply an adjustment to the control signal 225B to
generate a modified control signal 225C. The applied adjust-
ment may be based on the signal 282D, for instance. The
modified control signal 225C may be provided to the spray
valve 122 to control the spray valve 122 to move towards a
closed position. The movement of the spray valve 122
towards a closed position may result in an increase of the
intermediate steam temperature 158, and thus may decrease
the possibility of steam at a saturation temperature from
entering the superheater 106. When the magnitude of the
difference between the saturated steam temperature 282B and
the actual intermediate steam temperature 158 is greater than
T, the intermediate steam temperature 158 may be at an
acceptable distance from the saturated steam temperature
282B, and the fuzzifier 282F may simply pass the control
signal 2258 to the field device 122 without any adjustment
(e.g., the adjusted control signal 225C is equivalent to the
control signal 225B).

Of course, 15 degrees F. is only one example of a possible
threshold value. The threshold may be set to other values.
Indeed, the threshold value may be modifiable, either manu-
ally by an operator, automatically based on one or more
values or parameters in the steam boiler generating system, or
both manually and automatically.

In some embodiments, the determination of the adjustment
to the control signal 225B by the fuzzifier block 282E may be
based on an algorithm, routine or computer-executable
instructions for a function g(x) (reference 282F) included in
the fuzzifier block 282E. The function g(x) may or may not
include the threshold T. For example, the adjustment routine
g(x) (reference 282F) may generate an adjusted control signal
225C to control the rate of closing and opening of the spray
valve 122 based on the direction (e.g., increasing or decreas-
ing) of the temperature difference irrespective of the thresh-
old T. In another example, the adjustment routine g(x) that
may not adjust the control signal 225B when the magnitude of
the temperature difference is greater than the threshold T, but
may determine an adjustment to the control signal 225B
corresponding to a rate of increase or decrease of the magni-
tude of the temperature difference when the temperature dif-
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ference is less than the threshold T. Other examples of
embodiments of g(x) (reference 282F) may be possible and
used in the fuzzifier 282E.

In some embodiments, at least some portion of the algo-
rithm or function g(x) (reference 282F) may itself be modi-
fied or adjusted, either manually or automatically, in a manner
similar to possible modifications or adjustments to f(x) of
FIG. 5C.

FIG. 5F shows an exemplary embodiment of a function
g(x) (reference 282F). In this embodiment, at least a portion
of g(x) (reference 282F) may be represented by a curve 285.
The x-axis 288 may include a range of values corresponding
to a range of magnitudes of temperature differences between
the saturated steam temperature 282C and a current interme-
diate steam temperature 158. For example, the range of values
of the x-axis 288 may correspond to the range of values
indicated by the signal 282D received at the fuzzifier 282E of
FIG. 5E. The y-axis 290 may include a range of values of a
multiplier that is to be applied to the magnitude of the tem-
perature difference between the saturated steam temperature
and the current intermediate steam temperature, e.g., to be
applied to the signal 282D. In FIG. 5F, the units of the y-axis
290 are shown as fractional, e.g., the multiplier may range
from avalue of zero through a plurality of fractional values up
to a maximum value of one. In other embodiments, the mul-
tiplier may be expressed in other units such as a percentage,
e.g., 0% through 100%.

Using the curve 285, for given magnitude of temperature
difference 288, a corresponding multiplier value 290 may be
determined, and the determined multiplier value 290 may be
applied to the input signal 282D received by the fuzzifier
282E. The modified input signal then may be used by the
fuzzifier 282E to adjust or modify the control signal 225B to
generate an adjusted or modified control signal 225C, and the
adjusted control signal 225C may be output by the fuzzifier
282E.

In the embodiment of the curve 285 illustrated in FIG. 5F,
when the temperature difference is greater than a threshold T
(e.g., x>T), the intermediate steam temperature 158 may be
sufficiently above the saturated steam temperature 282B, thus
indicating that the current level of control is sufficient to
maintain the intermediate steam temperature 158 in a desired
range. Accordingly, the control signal 225B may not need any
adjustment, and as such, the curve 285 may indicate that a
corresponding multiplier to the applied to the input signal
282D is essentially zero negligible. In this scenario, the signal
282D may minimally or not affect (the control signal 225B,
and the output control signal 225C of the fuzzifier 282F may
be essentially equivalent to the input control signal 225B.

When the magnitude of the temperature difference is less
than the threshold T (e.g., x<T), the intermediate steam tem-
perature 285 may be moving undesirably close to the steam
saturation temperature. In these scenarios, the control signal
225B may require more aggressive adjustment. As such, as
the temperature difference nears the multiplier 290 may
increase according to the curve 285. For example, when the
intermediate steam temperature is essentially identical to the
saturated steam temperature (e.g., x=0), a multiplier of one
may be applied to the signal 282D so that in the signal 282D
may fully affect the control signal 225B to generate the output
control signal 225C. In another example, for a temperature
difference of 7.5 degrees (e.g., x=7.5), the curve 285 may
indicate that the multiplier to be applied to the input signal
282D is 0.5 or 50%, and thus the modified signal 282D may
have half'the eftect on the control signal 225B as compared to
when the temperature difference is essentially zero. In this
manner, as more aggressive control is required by the control
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scheme 200, the function g(x) may more aggressively apply a
multiplier of the signal 282D to adjust the input control signal
225B.

FIG. 5F includes an additional curve 292 superimposed on
the curve 285 to illustrate the effect of g(x) (reference 282F)
on the positioning of a field device. The curve 292 may
demonstrate movement of the field device in response to the
output control signal 225C generated by the fuzzifier 282E. In
this embodiment, the field device may be a spray valve that
affects the intermediate steam temperature such as the valve
122, although the principles described herein may be applied
to other field devices.

The curve 292 may define a position multiplier 290 for a
current device position for each value of magnitudes of tem-
perature differences between the saturated steam temperature
and the current intermediate steam temperature 288. In this
embodiment of the curve 292, when the difference between
saturation and intermediate steam temperatures is at or above
the threshold T (e.g., x>T), the system 200 may be operating
at or above a desired range of temperature difference and thus
may not need the spray valve 122 to increase or decrease its
current spray volume in order to maintain the current operat-
ing conditions. Accordingly, the curve 292 indicates that for
temperature differences above the threshold T, the valve posi-
tion may not change from its current value (e.g., the device
position multiplier is one).

However, when the intermediate steam temperature begins
to move towards the saturation steam temperature (e.g., x<I),
the intermediate steam temperature 158 may be desired to
increase. To affect the desired increase in the intermediate
steam temperature 158, the volume of cooling spray currently
being provided by the valve 122 may be desired to decrease.
Accordingly, as x moves towards zero, the curve 292 may
indicate that the position multiplier 290 decreases to move the
valve towards a closed position. For example, the curve 292
indicates that when the temperature difference is 7.5 degrees,
the position multiplier 290 to be applied to the current valve
position may be 0.5 or 50%, so the valve may be controlled by
the output control signal 225C of the fuzzifier 282F to move
towards half of its current position. When the intermediate
steam temperature is essentially at the saturated steam tem-
perature (e.g., x=0), the position multiplier 290 to be applied
to the current valve position is essentially zero, so that the
valve may be controlled by the output control signal 225C to
move to zero percent of its current position (e.g., fully
closed), thus controlling the intermediate steam temperature
to rise as quickly as possible.

As described above, the superimposition of the curve 292
on the curve 285 corresponding to g(x) (reference 282F)
illustrates one of many possible examples of how the input
signal 282D to the fuzzifier 282F may be modified based on
the intermediate steam temperature value 158, and how the
resulting adjusted or modified control signal 225C output by
the fuzzifier 282F may affect the positioning of a field device
122. Of course, the curves 285 and 292 are exemplary only.
Other embodiments of curves 285 and 292 are possible and
may be used in conjunction with the present disclosure.

FIG. 6 illustrates an exemplary method 300 of controlling
a steam generating boiler system, such as the steam generat-
ing boiler system 100 of FIG. 1. The method 300 may also
operate in conjunction with embodiments of the control sys-
tem or control scheme 200 of FIG. 4. For example, the method
300 may be performed by the control system 200 or the
controller 120. For clarity, the method 300 is described below
with simultaneous referral to the boiler 100 of FIG. 1 and to
the control system or scheme 200 of FIG. 4.
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At block 302, a signal 208 indicative of a disturbance
variable used in the steam generating boiler system 100 may
be obtained or received. The disturbance variable may be any
control, manipulated or disturbance variable used in the
boiler system 100, such as a furnace burner tilt position; a
steam flow; an amount of soot blowing; a damper position; a
power setting; a fuel to air mixture ratio of the furnace; a firing
rate of the furnace; a spray flow; a water wall steam tempera-
ture; a load signal corresponding to one of a target load or an
actual load of the turbine; a flow temperature; a fuel to feed
water ratio; the temperature of the output steam; a quantity of
fuel; or a type of fuel. In some embodiments, one or more
signals 208 may correspond to one or more disturbance vari-
ables. At block 305, a rate of change of the disturbance vari-
able may be determined. At block 308, a signal 210 indicative
of the rate of change of the disturbance variable may be
generated and provided to an input of a dynamic matrix
controller, such as the primary DMC block 222. In some
embodiments, the blocks 302, 305 and 308 may be performed
by the change rate determiner 205.

At block 310, a control signal 225 corresponding to an
optimal response may be generated based on the signal 210
indicative of the rate of change of the disturbance variable
generated at the block 308. For example, the control signal
225 may be generated by the primary DMC block 222 based
on the signal 210 indicative of the rate of change of the
disturbance variable and a parametric model corresponding
to the primary DMC block 222. At block 312, a temperature
202 of output steam generated by the steam generating boiler
system 100 immediately prior to delivery to a turbine 116 or
118 may be controlled based on the control signal 225 gen-
erated by the block 310.

In some embodiments, the method 300 may include addi-
tional blocks 315-328. In these embodiments, at the block
315, the signal 210 corresponding to the rate of change of the
disturbance variable determined by the block 305 may also be
provided to a derivative dynamic matrix controller, such as
the derivative DMC block 230 of FIG. 4. At the block 318, an
amount of boost may be determined based on the rate of
change of the disturbance variable, and at the block 320, a
boost signal or a derivative signal 232 corresponding to the
amount of boost determined at the block 318 may be gener-
ated.

At the block 322, the boost or derivative signal 232 gener-
ated at the block 320 and the control signal 225 generated at
the block 310 may be provided to a summer, such as the
summer block 238 of FIG. 4. At the block 325, the boost or
derivative signal 232 and the control signal 225 may be com-
bined. For example, the boost signal 232 and the control
signal 225 may be summed, or they may be combined in some
other manner. At the block 328, a summer output control
signal may be generated based on the combination, and at the
block 312, the temperature of the output steam may be con-
trolled based on the summer output control signal. In some
embodiments, the block 312 may include providing the con-
trol signal 225 to a field device in the boiler system 100 and
controlling the field device based on the control signal 225 so
that the temperature 202 of the output steam is, in turn, con-
trolled. Note that for embodiments of the method 300 that
include the blocks 315-328, the flow from the block 310 to the
block 312 is omitted and the method 300 may flow instead
from the block 310 to the block 322, as indicated by the
dashed arrows.

FIG. 7 illustrates a method 350 of dynamically tuning the
control of a steam generating boiler system, such as the boiler
system of FIG. 1. The method 350 may operate in conjunction
with embodiments of the control system or control scheme
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200 of FIG. 4, with embodiments of the error detector unit or
block 250 of FIG. 5B, with embodiments of the function f(x)
of FIG. 5C, and/or with embodiments of the method 300 of
FIG. 6. For clarity, the method 350 is described below with
simultaneous referral to the boiler system 100 of FIG. 1, the
control system or scheme 200 of FIG. 4, and the error detector
unit or block 250 of FIG. 5B.

Atablock 352, a signal indicative of an output parameter of
a steam generating boiler system (such as the system 100) or
of a level of the output parameter of the steam generating
boiler system may be obtained or received. The output param-
eter may correspond to, for example, an amount of ammonia
generated by the boiler system, a level of a drum in the steam
boiler system, a pressure of a furnace in the boiler system, a
pressure at a throttle of the boiler system, or some other
quantified or measured output parameter of the boiler system.
In one example, the output parameter may correspond to a
temperature of output steam generated by the boiler system
100 and provided to a turbine, such as the temperature 202 of
FIG. 4. In some embodiments, the signal indicative of the
output parameter of the steam generating boiler system may
be obtained or received by an error detector block or unit,
such as the error detector block or unit 250 of FIG. 4. In some
embodiments, the signal indicative of the output parameter of
the steam generating boiler system 100 may be obtained or
received directly by a dynamic matrix control block such as
the DMC block 222 of FIG. 4.

Atablock 355, asignal indicative of a setpoint correspond-
ing to the output parameter may be obtained or received. For
example, the setpoint may be a setpoint corresponding to the
temperature of output steam generated by the boiler system
and provided to a turbine, such as the setpoint 203 of FIG. 4.
In some embodiments, the signal indicative of the setpoint
may be obtained or received by an error detector block or unit,
such as the error detector block or unit 250 of FIG. 4. In some
embodiments, the signal indicative of the setpoint may be
obtained or received directly by a dynamic matrix control
block, such as the DMC block 222 of FIG. 4.

At ablock 358, a difference or an error between the actual
value of the output parameter (e.g., the reference 202)
obtained at the block 352 and the desired value of the output
parameter (e.g., the reference 203) obtained at the block 355
may be determined. For example, the difference between the
actual 202 and desired 203 values of the output parameter
may be determined by a difference block or unit 250A in the
error detector block or unit 250. In another example, the DMC
block 222 may determine the difference between the actual
202 and desired 203 values of the output parameter.

At ablock 360, a magnitude or size of the difference/error
determined at the block 358 may be determined. For example,
the magnitude of the difference may be determined at the
block 360 by taking the absolute value of the difference
determined at the block 358. In some embodiments, at the
block 360, the absolute value block 250C of FIG. 5B may
determine the magnitude of the difference between the actual
202 and desired 203 values of the output parameter.

At an optional block 362, the magnitude of the difference
between the actual 202 and desired 203 values of the output
parameter may be modified or adjusted. For example, a signal
indicative of the magnitude of the difference between the
actual 202 and desired 203 values of the output parameter
(e.g., the output generated by the block 360) may be modified
or adjusted by a function f(x) such as illustrated by reference
250F in FIG. 5C. The function f(x) may receive the signal
indicative of the magnitude of the difference between the
actual 202 and desired 203 values of the output parameter as
an input. After the function f(x) operates on the signal indica-
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tive of the magnitude of the difference, the function {{x) may
produce an output corresponding to a signal indicative of the
modified or adjusted magnitude of the difference between the
actual 202 and desired 203 values of the output parameter.

In some embodiments, the block 362 may be performed by
the error detector block 250, such as by the function block
250E of the error detector block 250. In some embodiments,
the block 362 may be performed by the dynamic matrix
control block 222. In some embodiments, the block 362 may
be omitted altogether, such as when f(x) is not desired or
required. In these embodiments, the block 365 may directly
follow the block 360 in the method 350.

At the block 365, the signal indicative of the modified or
adjusted magnitude of difference or error between the actual
202 and desired 203 values of the output parameter may be
used to modity or adjust the signal corresponding to the rate
of'change of a disturbance variable, such as signal 210 of FIG.
4. In a preferred embodiment, f(x) used in the block 362 may
be defined so that as the magnitude of the difference or error
between the actual 202 and desired 203 values of the output
parameter increases, the rate or magnitude of adjustment or
modification of the signal corresponding to the rate of change
of'the DV is increased at the block 365, and as the magnitude
of the difference or error between the actual 202 and desired
203 values of the output parameter decrease, the rate or mag-
nitude of adjustment or modification of the signal corre-
sponding to the rate of change of the DV is decreased at the
block 365. For negligible differences/errors, or for differ-
ences/errors within the tolerance of the steam generating
boiler system 100, the signal corresponding to the rate of
change of the DV may not be adjusted or modified at all. In
this manner, as the magnitude of error or discrepancy between
the actual 202 and desired 203 values of the output parameter
changes in size, the signal corresponding to the rate of change
of the DV may changed accordingly at the block 365 as
defined by f(x).

Atablock 367, the modified or adjusted signal generated at
the block 365 may be provided to the DMC block 222. If the
signal corresponding to the rate of change ofthe DV 210 is not
modified or adjusted at the block 365, then a control signal
equivalent to the original signal 210 (including any desired
gain 220) may be provided to the DMC block 222.

In some embodiments, the block 365 may be performed by
the DMC block 222. In these embodiments, the signal corre-
sponding to the output of f(x) may be received by the DMC
block 322 at a first input (e.g., reference 252 of FIG. 4) and
may be stored in a first register or storage location R. The
signal corresponding to the rate of change of a disturbance
variable may be received at a second input (e.g., reference 210
or 220 of FIG. 4). The DMC block 222 may compare the
values stored in Q and R, and may determine a magnitude or
absolute value of the difference. Based on the magnitude or
absolute value of the difference between Q and R, the DMC
block 222 may determine an amount of adjustment or modi-
fication to the rate of change of the DV, and may generate a
modified or adjusted signal corresponding to the DV. The
DMC block 222 may then generate a control signal 225 based
on the modified or adjusted signal corresponding to the DV.

In some embodiments, instead of the block 365 being
performed by the dynamic matrix control block 222, the
block 365 may be performed by another block (not pictured)
in connection with the DMC block 222. In these embodi-
ments, the rate of change of a disturbance variable (e.g.,
reference 210 or 220 of FIG. 4) may be modified or adjusted
based on the magnitude of the difference between the actual
202 and the desired 203 values of the output parameter. The
modified or adjusted signal corresponding to the DV may
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then be provided as an input to the DMC block 222 to use in
conjunction with other inputs to generate the control signal
225.

In some embodiments, the method 350 of FIG. 7 may
operate in conjunction with the method 300 of FIG. 6. For
example, the modified or adjusted signal corresponding to the
rate of change of the DV (e.g., as generated by the block 365
of FIG. 7) may be provided to the DMC block 222 as an input
252 to use in generating the control signal 225. In this
example, the method 350 of FIG. 7 may be substituted for the
block 308 of FIG. 6, such as illustrated by the connector A
shown in FIGS. 6 and 7.

FIG. 8 illustrates a method 400 of preventing saturated
steam from entering a superheater section of a steam gener-
ating boiler system, such as the boiler system of FIG. 1. The
method 400 may operate in conjunction with embodiments of
the control system or control scheme 200 of FIGS. 4 and 5D,
with embodiments of the prevention unit or block 282 of FI1G.
5E, with embodiments of g(x) discussed with respect to FIG.
5F, and/or with embodiments of the method 300 of FIG. 6
and/or the method 350 of FIG. 7. For clarity, the method 400
is described below with simultaneous referral to the boiler
system 100 of FIG. 1, the control system or scheme 200 of
FIGS. 4 and 5D, and the prevention unit or block 282 of FIGS.
5B and 5E.

Atablock 310, a control signal may be generated based on
a signal indicative of a rate of change of a disturbance variable
used in the steam generating boiler system. The control signal
may be generated by a dynamic matrix controller. For
example, as shown in FIG. 4, the dynamic matrix controller
block 222 may generate a control signal 225 based on the
signal 210 indicative of the rate of change of disturbance
variable 208. Note that the block 310 also may be included in
the method 300 of FIG. 6.

At a block 405, a saturated steam temperature may be
obtained. The saturated steam temperature may be obtained,
in an example, by obtaining a current atmospheric pressure
and determining the saturated steam temperature based on the
atmospheric pressure from a steam table or calculator. For
example, as shown in FIG. 5E, a steam table 282A may
receive a signal indicative of a current atmospheric pressure
288, may determine a corresponding saturated steam tem-
perature 282B, and may generate a signal indicative of the
corresponding saturated steam temperature 282B.

Atablock 408, a temperature of intermediate steam may be
obtained. The temperature of intermediate steam may be
obtained, for example, at a location in the boiler 100 where
intermediate steam is being provided to a superheater or a
final superheater. In one example, a signal indicative of a
current intermediate steam temperature 158 in FIG. 5D may
be obtained by a comparator block or unit 282C.

At a block 410, the saturated steam temperature and the
current intermediate steam temperature may be compared to
determine a temperature difference. In some embodiments, a
magnitude of temperature difference may be determined. In
some embodiments, a direction (e.g., increasing or decreas-
ing) of temperature difference may be determined. For
example, as illustrated in FIG. 5D, a comparator 282C may
receive a signal indicative of the corresponding saturated
steam temperature 282B and a signal indicative of a current
intermediate steam temperature 158, and the comparator
282C may determine the magnitude and/or the direction of
temperature difference based on the two received signals.

Atablock 412, an adjustment or modification to the control
signal generated at the block 310 may be determined based on
the temperature difference determined at the block 410. For
example, a fuzzifier block or unit such as the fuzzifier 282F of
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FIG. 5E may determine an adjustment or the modification to
the control signal 225B based on the signal indicative of the
temperature difference 282D. In some embodiments, the
adjustment or modification to the control signal may be based
on a comparison of the magnitude of the temperature difter-
ence to a threshold. In some embodiments, the adjustment or
modification to the control signal may be based on a routine,
algorithm or function such as g(x) (reference 282F) that is
included in the fuzzifier unit 282E.

At a block 415, an adjusted or modified control signal
corresponding to the rate of change of the DV may be gener-
ated. For example, the fuzzifier 282E may generate an
adjusted or modified control signal 225C based on the adjust-
ment or modification determined at the block 412.

Atablock 418, the intermediate steam temperature may be
controlled based on the adjusted or modified control signal. In
the embodiment of FIG. 4, the field device 122 may receive
the adjusted control signal 225C and respond accordingly to
control the intermediate steam temperature 158. In embodi-
ments where the field device 122 is a spray valve, the spray
valve may move towards an open position or towards a closed
position based on the adjusted control signal 225C.

In some embodiments, the method 400 of FIG. 8 may
operate in conjunction with the method 300 of FIG. 6. For
example, the blocks 405 through 418 of the method 400 may
be executed prior to controlling the temperature of the output
steam 312 of the method 300, as denoted by the connector B
in FIGS. 6 and 8.

Still further, the control schemes, systems and methods
described herein are each applicable to steam generating sys-
tems that use other types of configurations for superheater
and reheater sections than illustrated or described herein.
Thus, while FIGS. 1-4 illustrate two superheater sections and
one reheater section, the control scheme described herein
may be used with boiler systems having more or less super-
heater sections and reheater ections, and which use any other
type of configuration within each of the superheater and
reheater sections.

Moreover, the control schemes, systems and methods
described herein are not limited to controlling only an output
steam temperature of a steam generating boiler system. Other
dependent process variables of the steam generating boiler
system may additionally or alternatively be controlled by any
of the control schemes, systems and methods described
herein. For example, the control schemes, systems and meth-
ods described herein are each applicable to controlling an
amount of ammonia for nitrogen oxide reduction, drum lev-
els, furnace pressure, throttle pressure, and other dependent
process variables of the steam generating boiler system.

Although the forgoing text sets forth a detailed description
of numerous different embodiments of the invention, it
should be understood that the scope of the invention is defined
by the words of the claims set forth at the end of this patent.
The detailed description is to be construed as exemplary only
and does not describe every possible embodiment of the
invention because describing every possible embodiment
would be impractical, if not impossible. Numerous alterna-
tive embodiments could be implemented, using either current
technology or technology developed after the filing date of
this patent, which would still fall within the scope of the
claims defining the invention.

Thus, many modifications and variations may be made in
the techniques and structures described and illustrated herein
without departing from the spirit and scope of the present
invention. Accordingly, it should be understood that the meth-
ods and apparatus described herein are illustrative only and
are not limiting upon the scope of the invention.
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What is claimed is:

1. A fuzzifier unit for use in a steam generating boiler
system, comprising:

a first input to receive a signal indicative of a magnitude of

a difference between a saturated steam temperature and
a temperature of intermediate steam generated by the
steam generating boiler system that is a once-through
boiler system providing a continuous flow of steam
within the system to drive a turbine, wherein the tem-
perature of the intermediate steam is determined
upstream of a location at which a temperature of output
steam is determined, the output steam generated by the
steam generating boiler system for delivery to drive the
turbine;

a second input communicatively coupling the fuzzifier unit
to a dynamic matrix controller that is feed forward or
predictive, the second input of the fuzzifier unit to
receive a control signal generated by the dynamic matrix
controller, wherein the control signal (i) is generated, by
the dynamic matrix controller, based on a signal,
received as an input by the dynamic matrix controller,
that is indicative of a current rate of change of a distur-
bance variable used in the steam generating boiler sys-
tem, and (ii) is generated, by the dynamic matrix con-
troller, not based on any input, to the dynamic matrix
controller, that is indicative of the temperature of the
intermediate steam;

an adjustment routine that adjusts the control signal
received at the second input of the fuzzifier unit based on
the magnitude of the difference between the saturated
steam temperature and the temperature of the interme-
diate steam; and

an output communicatively coupling the fuzzifier unitto a
field device, the output of the fuzzifier unit to provide the
adjusted control signal to the field device to control the
temperature of the intermediate steam.

2. The fuzzifier unit of claim 1, wherein:

the adjustment routine includes a threshold, and

the control signal is adjusted based on a comparison of the
magnitude of the difference between the saturated steam
temperature and the temperature of the intermediate
steam and the threshold.

3. The fuzzifier unit of claim 2, wherein the threshold is

modifiable.

4. The fuzzifier unit of claim 1, wherein the control signal
generated by the dynamic matrix controller is further based
on the temperature of the output steam and a setpoint corre-
sponding to the temperature of the output steam.

5. The fuzzifier unit of claim 1, wherein the field device is
a spray valve.

6. The fuzzifier unit of claim 1, wherein the intermediate
steam is provided to a superheater section of the steam gen-
erating boiler system.
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7. The fuzzifier unit of claim 6, wherein the superheater 55

section is a final superheater section.
8. The fuzzifier unit of claim 1, wherein the adjustment
routine is modifiable.
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9. The fuzzifier unit of claim 1, wherein:

the signal that is indicative of the magnitude of the differ-
ence between the saturated steam temperature and the
temperature of the intermediate steam and that is
received at the first input of the fuzzifier is generated by
a comparator unit; and

the comparator unit and the fuzzifier unit are included in a

prevention unit of the steam generating boiler system.

10. The fuzzifier unit of claim 9, wherein:

the prevention unit further includes a steam table to (i)

determine the saturated steam temperature based on a
current atmospheric pressure, and to (ii) provide a signal
indicative of the saturated steam temperature to an input
of the comparator unit.

11. The fuzzifier unit of claim 1, wherein the disturbance
variable corresponds to at least one of: a manipulated variable
of a first control loop; a control variable of the first control
loop or a second control loop; a fuel to air ratio; a damper
position; a furnace burner tilt position; a steam flow; an
amount of soot blowing; a damper position; a power setting;
a fuel to air mixture ratio; a firing rate; a spray flow; a water
wall steam temperature; a load signal corresponding to one of
atarget load or an actual load of a turbine; a flow temperature;
a fuel to feed water ratio; a temperature of output steam; a
quantity of fuel; or a type of fuel.

12. The fuzzifier unit of claim 1, wherein the adjustment
routine adjusts the control signal based on a direction of
change of the difference between the saturated steam tem-
perature and the temperature of the intermediate steam.

13. The fuzzifier unit of claim 1, wherein the adjustment
routine adjusts the control signal based on a rate of change of
the difference between the saturated steam temperature and
the temperature of the intermediate steam.

14. The fuzzifier unit of claim 1, wherein the adjustment
routine adjusts the control signal by using a multiplier.

15. The fuzzifier unit of claim 14, wherein a value of the
multiplier is based on the difference between the saturated
steam temperature and the temperature of the intermediate
steam.

16. The fuzzifier unit of claim 14, wherein the multiplier is
applied to the signal indicative of the magnitude of the dif-
ference between the saturated steam temperature and the
temperature of the intermediate steam.

17. The fuzzifier unit of claim 2, wherein:

the control signal is adjusted when the magnitude of the

difference between the saturated steam temperature and
the temperature of the intermediate steam is less than the
threshold, and

the control signal is not adjusted when the magnitude of the

difference between the saturated steam temperature and
the temperature of the intermediate steam is at least one
of greater than or equal to the threshold.

18. The fuzzifier unit of claim 8, wherein the adjustment
routine is at least one of automatically modifiable or manually
modifiable.



